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Abstract The first complete life history of Lethe gemina zaitha Fruhstorfer, 1914 is presented 
along with a detailed description and figures of immature stages. The rare butterfly is 
univoltine and associated with its hostplant Yushania ntitakayamensis (Hayata) Keng f. 
standing in evergreen oak forests of Taiwan. In addition, the immature morphology of this 
species reveals a specialized lineage in phylogenetic pattern of this genus. 
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Introduction 


Lethe gemina zaitha Fruhstorfer, 1914 is a rare satyrine butterfly generally considered 
endemic to Taiwan. The current known range of this species in Taiwan is restricted to 
few localities and corresponds closely with colonies of Yushania ntitakayamensis 
(Hayata) Keng f. The biological information of this specieis is poorly known though 
several local collectors announced that they had reared the larvae. Uchida’s (1988) 
photograph was the first presence of the adult in field but not accompanied by ecological 
descriptive text. Subsequently, Lin (1994) stated the hostplant of this species and 
provided a sketchy text of its range in Taiwan and habitat, however, since this observa- 
tion, the immature stages of L. gemina zaitha have received little attention and no single 
work is complete. On the whole, the life history of L. gemina zaitha is still quite 
fragmentary and nearly unknown. The purpose of the present article is to describe 
details of the immatures, habitat and biology of this species observed at Mt Ho-Wan, 
Nantou Co., Taiwan. In addition, a morphological comparison between L. gemina 
zaitha and other Lethe species is also provided and discussed. 


Historical synopsis of previous works on immature stages of Taiwanese Lethe 


At present, there are twelve species of Lethe recognized from Taiwan (Shir6zu & Ueda, 
1992) excluding Zophoessa dura neoclides (Fruhstorfer, 1909), Z. siderea kanoi (Esaki & 
Nomura, 1937) and Z. nittakana (Matsumura, 1906), which were previously regarded as 
the members of Lethe. Among the 12 Lethe species, the biological or morphological 
notes of immature stages have ever been provided based on the following works: Chang 
(1972) (L. verma cintamani Fruhstorfer, 1909), Chang & Guo (1973) (L. rohria daemoniaca 
Fruhstorfer, 1908), Uchida (1988) (L. insana formosana Fruhstorfer, 1908), Li (1990) (L. 
europa pavida Fruhstorfer, 1908, L. rohria daemoniaca Fruhstorfer, 1908), Uchida (1991) 
(L. christophi hanako Fruhstorfer, 1908, L. chandica vatnacri Fruhstorfer, 1908), Lin 
(1994) (L. chandica ratnacri Fruhstorfer, 1908) and Chang (1994) (L. europa pavida 
Fruhstorfer, 1908, L. chandica ratnacri Fruhstorfer, 1908, L. rohria daemoniaca Fruhstor- 
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fer, 1908). Moreover, three species, namely L. confusa Aurivillius, 1898, L. bojonia 
Fruhstorfer, 1913 (=L. ocellata bojonia Fruhstorfer, 1913), and L. diana australis Nari- 
tomi, 1942, are rarely collected so that any intent to rear the larvae is difficult. 


Study sites and methods 


Rearing and observation were carried out separately in laboratory and field from August 
1993 to August 1994. For it is difficult to search for the eggs of any satyrine butterflies 
feeding on grasses or bamboos, the authors visited Mt Ho-Wang (about 1,100 m), Nantou 
Co., for several times to collect female L. gemina zaitha for induced oviposition. On 
September 30, 1993, the authors selected a locality with abundant Y. nzttakayamensis at 
shady places and with several colonies of L. gemina zaitha for observations of flight 
period and behavior, induced oviposition and rearing. Subsequently, two wild-caught 
females with slightly worn wings were put into a semitransparent, gaused insect net (80 
cm in diameter and 150 cm in depth) on the lower branches of a selected plant of Y. 
nittakayamensis, and for the sake of energy of the females, a slice of pineapple was 
enclosed within the net as food. 


On October 15, 1993, the junior author revisited the locality and successfully obtained 57 
eggs from the females through induced oviposition, then one portion of the eggs (n=20) 
were brought to the laboratory of Taiwan Endemic Species Research Institute, the other 
portion of eggs were left in field for weekly or monthly observation. Rearing was 
conducted at room temperature. Eggs were put into a small transparent plastic bag ; 
hatched larvae were reared in a 15 x8 X 20 cm plastic case with an abundant supply of the 
leaves of the hostplant ; pupae were left in the case to emerge. 


Results 


Morphology and biology of immature stages and adult 


Ovum. Diameter 0.78 mm, height 0.77 mm. White, conic. Reticulatum of the outer 
chorion tetragonal, pentagonal or hexagonal. Smaller in size than in other Lethe species 
from Taiwan, very distinct from that of other Lethe species in shape. 


Larva. First instar length 2.3-2.5 mm; 2nd instar length 3.1-3.2 mm; 3rd instar from 
4.9-6.1mm long; 4th instar from 8.7-12.4mm long; 5th instar from 15.3-22.2 mm in 
length and 6th instar to 34mm long. Coloration: First instar yellowish white with head 
capsule brown; 2nd instar bearing subspiracular stripes, head brown and bilobed; 3rd 
instar similar to the 4th in having prominent subspiracular brown stripes, head capsule 
with horns more prominent margined with yellowish white ; 5th instar with black dots 
scattered on fronts and subspiracular stripes less distinct than in the previous instars ; 
6th instar bearing head horns developed, slender and slightly curved. Head: 
Hypognathous ; surface smooth; frontoclypeus longer than wide, extending one-third to 
one-half to epicranial notch; ecdysial lines relatively close to frontoclypeal apex ; 
chaetotaxy with Al-2 nearly equidistant to A2-3, O3 lower than O2, C2 longer than Cl ; 
stemmata 6, with I-III much grouped together ; IV, V and VI scattered; V near antennal 
base, and VI caudad of IV. Labrum relatively small, notched. Thorax: T1 shield 
indistinct, segments annulate. Abdomen: Prolegs present on A3-6 and A10; crochets 
triordinal mesoseries; anal plate bifurcate and projecting caudally. 


Pupa. Length 25.0-29.5 mm, dorsal width across wing cases 5.5-7.0mm. Body light- 
brown, with numerous fine brown spots scattered, lanceolate, attenuate. Frontal projec- 
tion horn-like, laterally compressed, obtuse at apex, interiorly curved in dorsal view. 
Antennal sheaths extending usually to the wing tips. Maxillary palpi inconspicuous. 
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Figs A-G. Larva of Lethe gemina zaitha (frontal view of head capsule). A. 2nd instar 
larva. B. 3rdinsar larva. C. 4th instar larva. D. 5th instar larva. E. 6th instar 
larva. F (lateral view)-G (frontal view). Head capsule of first instar larva. 


Labial palpi shorter than prothoracic legs. Prothoracic sheath elevated, dorsal line 
ridged. Wing sheaths extending usually to middle of 5th abdominal segment, a small 
process present on ridge of inner margin, abdominal segments compressed, dorsal line 
slightly ridged. 


Biology of immature stages. Eggs were laid equidistantly (about 1.3 mm) in single 
series with 8-11 eggs on the midvein of underside of Y. niitakayamensis. No further 
feeding on the eggshell was observed. Correlated with the beginning of the induced 
oviposition on October 13, 1993 and time of egg hatching on October 24, 1993, incubation 
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Figs H-J. Pupa of Lethe gemina zaitha. H. Dorsal view. I. Ventral view. J. Lateral 
view. 


of eggs is estimated to be approximately 10 days. All instars had cryptically colored 
behavior with aggregatively lining up on the branches of the hostplants. The larva 
pupated on the underside of a leaf, hanging at a steep angle. The pupal stage lasted 
about 15 days in field and 10.5 days in laboratory, and the adults emerged in August. 


Adult. Male: Forewing length 32-35 mm (mean=33.2, n=9); antennal length 19-20 mm 
(mean= 19.3, n=9). Forewing upperside ground color orange tinged with brown, margin 
to submargin black with an oblong black spot present in space M, ; underside ground 
color orange with submarginal stripe metallic blue, a circular spot present in M, 
margined with dark orange and its center metallic blue, submargin of spaces R; and 
space M, tinged with whitish-blue, a post-medium stripe extending from base of M, to 
Ais2. Hindwing upperside with submarginal stripe black, margin metallic blue, submar- 
ginal spots oblong, present in spaces R;, Mı, M;, Cus and Cuz, the termenal outline 
forming a black line through entire termen ; underside with the same ground color as in 
the forewing, spots in spaces R, and Cu, orbicular margined with dark orange, subcircle 
black and its center metallic blue; a spot in space Cu, with the same color as those in 
spaces R, and Cu, but much smaller. Female: Forewing length 32-35 mm (mean=33.4, 
n=3); wing pattern similar to male. 


Material examined. 10 7 3 $, Taiwan, Nantou, Mt Ho-Wang, 13. IX. 1993, S. H. Yen & 
J. L. Jean leg.; 4%, Taoyuan, Fushing, Hsih-tzuen, 15. VIII. 1994, S. H. Yen leg. ; 2 2, 
Ilan, Taipingshan, without date of collecting, Y. L. Liao leg. 


Flight period. The flight period of adults was observed on August 30, September 21, 30 
and October 15, 1993. On August 30, the authors netted 2 very fresh, 13 fresh males and 
4 very fresh females. Two weeks later, 16 worn to very worn males, and 18 fresh to 
slightly worn females were observed. During the last two trips, only worn to very worn 
females were observed. The authors supposed that the peak of flight period in central 
Taiwan was September and could last to the early November. While according to 
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observation of the junior author in 1994, the peak of flight period of this species in north 
Taiwan was June to the early August. 


Adult behaviors. Observed adult behaviors included foraging for absorbing water, 
resting, flying and oviposition. During the period of peak activity from 10 : 00 to 16: 00, 
adults spend most of time resting and flying. Compared to other Taiwanese Lethe 
species, L. gemina zaitha’s flying was much more irregular, unexpected and higher. 
They usually flew above the shrub layer of shady places or rested on branches of 
Yushania niitakayamensis at about 2m in height. They absorbed exclusively water on 
leaf surface instead of visiting flowers. 


Oviposition was observed during the last two trips. Females selected suitable hosplants 
to land, then walked down the branches. Following this behavior, the white, conical, 
diamond-shaped eggs were laid on the underside of leaves at about 0.5-1.0 m above the 
ground. 


Generation time. JL. gemina zaitha is univoltine and overwintering in caterpillar status. 
The estimated generation time from egg to imago takes approximately 280 days. 


Hostplant 


Yushania niitakayamensis (Hayata) Keng f. (Gramineae: Bambusoideae) is a small 
bamboo (1-4 m tall), which is distributed in mainland China (Szechuan, Yunnan) and in 
Luzon, the Philippines on high mountains. In Taiwan, this plant mainly occurs exten- 
sively in thickets, open field and dense primary forests, at altitudes of 1,000-3,000 m, 
especially in central ranges throughout the island. 


Geographical distribution and habitat 


Lethe gemina zaitha is endemic to Taiwan. According to Yamanaka (1974) and the 
records of the authors, this butterfly is restricted to the central mountains at about 800 
m (northern Taiwan) to 2,000 m (central to southern Taiwan) in elevation. 


The study site in field and the habitat of this butterfly is described here as follows: The 
vegetation of Mt Ho-Wang is mainly composed of primary evergreen oak forests though 
there are several agricultural and forestry lands scattered in this area. The canopy 
reaches about 30m tall. The canopy and subcanopy species are composed of Beilsch- 
miedia erythrophloia, Castanopsis longicaudara, Quercus (Cyclobalanopsis) stenophylloides, 
Lithocarpus amygdalifolius, Litsea acuminata, Neolitsea aciculata, Machilus thunbergii, 
Acer kawakamii, A. serrulatum, Rhododendron formosana, Symplocus anomala, Illicium 
philippinense, and Ilex pedunculosa. The undergrowth of shrubs and undershrubs is 
formed by Eurya acuminata, Vibrunum taiwanianum, Ardisia crenata, Myrsine stolonifera 
and Yushania ntitakayamensis. 


Phylogenetic comments 


The genus Lethe Hiibner, [1819] embraces more than seventy species across the oriental 
region, and a few species occur in the Palaearctic region (Lesse, 1956 ; Aoki et al., 1982 ; 
Chou, 1994). Lesse (1956) is the first to study the taxonomy of this genus and the 
relatives. He consequently subdivided Lethe into fifteen species-groups based on com- 
parison of adult morphology. Among Lesse’s system of grouping these diverse species, 
L. gemina was treated as the only member of the group XIV (Gemina) due to the distinct 
coloration, wing pattern and genitalia with elongated valva, terminally haired uncus, and 
posteriorly acute harpe. Moreover, two Chinese species, L. manzorum Poujade and L. 
monolifera (Oberthtir), with adult coloration similar to L. gemina, were placed in the 
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Figs K-P. Lethe gemina zaitha. K. Lateral view of eggs. L. lst instar larva. M. Ist 
instar larvae aggregated along the egg shells. N. 2nd instar larva. O. 3rd instar 
larva. P. 4th instar larva. 


closely related group XV (Manzorum) to Gemina based on its distinct haired saccus. 
However, L. syrcis (Hewitson), the species also sharing wing pattern resembling L. 
gemina, was gathered into the large group VI (Mimerva). According to the figures 
provided by Lesse, genitalic characters seem not necessarily match with type of adult 
wing pattern within the species-group, while it was likely that genitalia were the key 
point of Lesse’s grouping system for Lethe.’ 


On the basis of the reared material and references of immature stages of nine species of 
Lethe from Taiwan, three from Japan, (Shir6zu & Hara, 1962) and two from N. America, 
which respectively belong to six of Lesse’s species-groups, the authors consider that 
immature characters should be considered into the phylogenetic analysis of this genus to 
elucidate Lesse’s point of view. Most of the known immature stages of Lethe are with 
spherical, glabrous eggs randomly and singly attached on hostplants, head of larva with 
short horns meeting centrally, and stout pupa without bifurcate frontal projections. 
However, L. gemina zaitha is quite interesting in the fact that it presents conic, diamond- 
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FigsQ-V. Lethe gemina zaitha. Q. 5th instar larva. R. 6th instar larva. S. Prepupa. 
T. Pupa (lateral view). U. Pupa (ventral view). V. Adult. 


4< 


like eggs, “macrocephalic” first instar larva and lanceolate pupa with elongated, com- 
pressed frontal projections, which are distinct from other species, and this may suggest 
the independent phylogenetic pattern of this species. In conventional taxonomy, it will 
be justified for a good new genus since it carries a lot of unique characters, however, 
there are good synapomorphies found between L. gemina and other groups while each 
carries quite a few autapomorphies. In this case, unless after an overall cladistic 
assessment or the authors prove Lethe is polyphyletic, there is no reason to create a new 
genus for L. gemina in cladistic logic if the authors want the nomenclature to at least 
store some evolutionary patterns. In above case, L. gemina is just conceived as a very 
specialized lineage from the common root with the other species-group lineages. In 
addition, the authors are confident that the continued studies on immature morphology 
of the most diverse species-group Minerva will contribute to elucidate the major 
phylogenetic pattern of this genus 
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FUYF x4 Uc AF Lethe gemina zaitha Fruhstorfer li, SET h BEBER b ToO EH 
DH SMAMIEC, ÆRA Zary Yushana niitakayamensis OBEN MIA. EE 
CRIT AARD, AE (1988) SRROARSE Re AL, PK (1994) RREZ DOTAN T 
ZORAT, TJER OWT OFTEN Ra Dok. KRERCIRBOSMERORR, AYER 
AR EZB, bbe CHBEOMOMBAE L OERI EITE o Je. 


BABORBROCAS a O/B Lethe lk 12 ESAD n, CNH56OIAb 6B (YUFEZTEAY, % 
PePPFVGACeAT, SVYYVuUgA ees, YerTees7,. =e ew, AA eer 
F) SIT CAR RORMBDWSDIZSN TS. BFS idx 1993-1994 FO 1 HARARE L SE 
ARB rT av, ARATE O-AAAM SS 2 IBINS SC LACH. 


SN: É 0.78 mm, BS 0.77mm, KASMAKOSABe ECB), BBHEOUHO Lethe BSE 
EDIE, BPBEBRKERT. SE: 1 A HORR 2.3-2.5 mm, 268 3.1-3.2 mm, 3 i 4.9-6.1 
mm, 4  8.7-12.4 mm, 5 #$15.3-22.2 mm, 6#34mm. EK: MLAHA AG, 2RURE 
MIC RRO, 4K TAREHE oT SOS, 5 BLAMES PP PAAR IS. TAER ee 
2 ARICA SO, DRS BS COL IRTA. Wi: HS 25.0-29.5 mm, fH 5.5-7.0 mm. 
KAE, (AIH <, FADD RD CON URAKRMOAMA ICUS. WIRROEMIZBO 
T 8-11 (MOSM M ICHAT S14, DHEIRROSMICRAL CRABGILE RDS. MERED 
BEET ZbNS. MRR Cid 8 A PA-9 Alc Hes ADRS SND, EEDU 
OBOIMAB E O BBC 7-8 AIARZA Z EDH Por. WRI 10 RF k 
V I6 RZRU, FRAR RA ZIT. RRL. RERA IDEST., 
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